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“The views, opinions and findings contained in this report are those of the 
authors(s) and should not be construed as an official Department of the Army 
position, policy or decision, unless so designated by other official documentation.”
Jane McKee Smith, PhD, PE
Senior Research Scientist, Hydrodynamic Phenomena
Engineer Research & Development Center, Coastal & Hydraulics Laboratory
US Army Corps of Engineers
COASTAL RESILIENCE CONSIDERING 
CLIMATE EXTREMES AND VARIABILITY
Jane.M.Smith@usace.army.mil
I. What is a resilient coast for 
regions with rising seas?
II. Assessment and solutions
III. Future challenges
RESILIENCE
Resilience is the capacity to 
anticipate and plan for 
disturbances, resist damages 
and/or absorb impacts, rapidly 
recover afterwards, and adapt 
to stressors, changing 
conditions and constraints
RESILIENCE WITH CLIMATE 
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As-New Performance
Disturbances: Typical disruptions after which the system returns to normal
Stressors: Severe disruptions that force transition to new equilibrium state
Better than New Performance
Disturbance Stressor 1 Multiple Disturbances leading to Stressor 2
WHAT IS A RESILIENT COASTAL SYSTEM WITH 
RISING SEA LEVELS?
Stockpile of 
sand in case of 
breach
Vegetated 
shorelines
Reef to 
break waves
Consider extreme variability 
and non-stationarity in forcing
Buried 
seawall
Raised 
infrastructure 
Ocean
Bay
Potential for 
breaching from 
bay
• Anticipate weak links and be ready to recover.
• Provide multiple lines of defense.
• Ensure availability of alternate networks –components are 
independent of, and complement each other.
• Provide information for decision-support.
MILITARY IMPACTS
• Increased Flood Risk
 Infrastructure damage (piers, roads, 
buildings, utilities, training grounds, 
channels, breakwaters…)
 Reduced facility usability (more 
nuisance flooding)
 Changing risk register
 Life safety
• Increased need for accurate forecasting 
of flood events
• Increased requirements for humanitarian 
disaster relief
Rising importance of the Pacific and Arctic 
Theaters
CLIMATE CHANGE AND SEA LEAVE RISE
RISKS TO NAVAL STATION NORFOLK
Rigorous, flexible approach to quantitatively evaluate risks to critical military assets & 
mission capabilities threatened by a range of SLR, tidal fluctuation, and storm stage 
frequency hazards
 Characterize impacts
 Decompose mission and 
infrastructure systems
 Pinpoint vulnerabilities
 Identify thresholds or tipping 
points
 Quantify risks
 Communicate these to the 
field
NORTH ATLANTIC COAST COMPREHENSIVE STUDY 
COASTAL STORM MODELING 
Fine Resolution
Using the CSTORM Semi-Automated Production System 
and DoD HPCs, more than 3500 CSTORM simulations 
were performed in less than 6 months and used more than 
100 million CPU hours.
CSTORM Production System
Coastal Storm-Modeling System (CSTORM-MS)
Application of high-resolution, highly-skilled numerical models in a tightly integrated modeling system
Example Water 
Level Hazard 
Curve
Resulting model data and 
analysis is of national 
importance, is expected to 
be useful for 10+ years, and 
is enabling USACE Smart 
Planning for NAD projects.
Publically Available Results
ADCIRC Mesh 
Resolution ~3.1M 
Nodes
Statistical Storm Conditions
(JPM-OS)
• 100 ExtraTropical Storms
• 1050 Synthetic Tropical Storms
Data Delivery and Exploration
CSTORM WorkflowTropical 
Tracks
Joint probability study of Hurricane Sandy and historical coastal storm forcing 
parameters for the northern US Atlantic coastal region from Maine to Virginia for project 
performance evaluation focused on storm winds, waves, and water levels for both 
tropical and extra-tropical storm events
TOTAL WATERSHED DECISION SUPPORT
Modular modeling and decision-support framework that brings together hydrologic, 
hydraulic, coastal, arctic, geotechnical, environmental, geospatial and knowledge 
management expertise to inform decisions
RANGE OF SOLUTIONS
 Integrated approach with a combination of measures: Natural and 
Nature-Based Features (NNBF), non-structural, and structural 
 Need to consider: 
 Engineering attributes
 Dependencies & interactions between features – Align engineering 
with natural processes
 Short- and long-term evolution
 Full range of environmental and social benefits
http://www.nad.usace.army.mil/CompStudy
NATURAL AND NATURE-BASED FEATURES
EXAMPLE:  INCORPORATION OF SEA LEVEL RISE 
CONSIDERATIONS
• Considering a range in potential future sea levels
• Building multiple lines of defense
• Planning to adapt projects and features on decadal scales
Source: http://corpsclimate.us/ccaceslcurves.cfm
CHALLENGES
• Planning to adapt may require present-day investments that 
are difficult to justify; e.g., 
 Obtaining adjacent property for future increase in levee elevation or 
coastline/wetland migration
• Designing with a range in potential future sea levels has 
tremendous uncertainty, not only for water levels, but also 
 Future forcing, coastal infrastructure, environmental 
considerations, human use of the coast, and funding
• Further research:
 Robustness of NNBF
 Interaction of gray and green infrastructure
 Accurately modeling coupled physical and ecological systems
 Quantifying full range of benefit (social, ecosystem, …)
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USACE NNBF SUCCESSES & LESSONS LEARNED: 
DUNES AND BEACHES
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Post-Sandy Performance Evaluation Study 
(2013) 
Evaluated constructed projects in North 
Atlantic (75), Great Lakes (31), and South 
Atlantic (9) Divisions
– Beaches and dunes reduced, but did    
not eliminate, storm damages from    
surge and waves
► Storm surge and waves exceeded project design 
and/or pre-project condition prior to storm
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Assateague Island, 
MD
Positive 
Recreational 
Feature
USACE NNBF Successes & Lessons Learned: 
Beaches & Nearshore Berms
Provide sand 
to nearshore
Potential to Reduce Waves Ft. Myers Beach, FL
Presque Isle, PA
USACE NNBF SUCCESSES & LESSONS LEARNED: 
WETLANDS AND STORM IMPACTS IN JAMAICA BAY, NY
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None Existing
Moderate Extensive
Smith and Anderson, 2014. Limits of 
Wetland Wave Dissipation, Proc. ICCE.
 Numerical Modeling 
Waves & Storm Surge
 4 vegetation coverages
 Raised bathymetry 
required for 2 cases
USACE NNBF SUCCESSES & LESSONS LEARNED: 
WETLANDS AND STORM IMPACTS IN JAMAICA BAY, NY
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Bathymet
ric 
increase 
only
Vegetation near shoreline reduced waves by 70-80% due to vegetation-
induced dissipation and depth-limited breaking
 Interior bay wave height reductions caused by increase in bathymetry
Neglects damage to vegetation during storm
Vegetation only
Up to 
80% 
reduction
Up to 
100% 
reduction
Smith and Anderson, 2014. Limits of Wetland Wave Dissipation, Proc. ICCE.
USACE NNBF RESEARCH UNDERWAY: 
HAMILTON AND SEARS POINT WETLAND, SAN PABLO BAY, CA
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 Build nearshore berms to accelerate 
wetland sedimentation during tidal 
inundation
 Monitor physical processes
 Numerical modeling to configure berms
Linear Berms (As-Built)
No Berms (Control)
Mounds
USACE NNBF SUCCESSES & LESSONS LEARNED: OYSTER AND 
CORAL REEFS
19
Review of natural coral reefs* to reduce waves 
during hurricanes
Reefs reduced wave height: 
– Crest: 64%; Flat: 43%; Whole reef: 84%
Reefs, natural 
and constructed, 
can reduce 
waves, wave 
runup, and 
provide habitat
Need greater collaboration among ecologists, 
engineers, geologists and oceanographers.
*Ferrario et al. 2014, “The effectiveness of coral reefs for coastal hazard risk reduction 
and adaptation,” DOI 10.1038/ncomms4794 
USACE NNBF SUCCESSES & LESSONS LEARNED: ISLANDS
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Horseshoe Bend, 
Atchafalaya River, LA
 Options for managing dredged 
material via shore-based wetland 
creation were exhausted 
 Dredged sediment (0.5-1.8 mcy/1-
3 yrs) created a ~35 ha island  
 Can design with natural processes 
and achieve engineering & 
ecological benefits
 Project won WEDA’s 2015 Award 
for Environmental Excellence
21NNBF Successes & Lessons Learned: Islands; Upland Processes
Fort Pierce City 
Marina, CH2MHill
Cat Island, 
Green Bay, WI, 
Port of Green Bay, USACE Detroit
Research needed in predicting overland processes (flow, waves, 
wind, erosion) for natural & built infrastructure
USACE SUCCESSES & LESSONS LEARNED: NON-
STRUCTURAL MEASURES
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Buy-Outs
Hurricane Katrina on Mississippi 
Gulf Coast 
- 236 people dead, 67 missing
- $125 Billion in damages
MS Coastal Improvement Program 
(MsCIP)
Comprehensive integrated approach to 
reduce future risks includes high-hazard 
voluntary relocation and conversion to 
public lands
 Non-structural measures can be part of 
a comprehensive approach to reduce risks
